our waterways from pollution. In order to understand the process dynamics of a watershed, a well-designed water quality monitoring network identifies water quality problems while establishing baseline values for short-and long-term trend analysis. Generally, fresh water quality is affected by excess domestic and solid waste. And it even occurs when pollutants (particles, chemicals, or substances that contaminate water) are discharged directly or indirectly into water bodies without enough treatment to get rid of harmful compounds. Pollutants get into water mainly by human causes or factors. Water pollution is usually caused by human activities. Different human sources add to the pollution of water.
In addition to monitoring research in recent years, principal component analysis (PCA) and hierarchical cluster analysis (HCA) have been widely used as they help with the interpretation of monitoring a network's complex data arrays to gain a better understanding of water quality. This analyzes river hydrochemistry problems, and helps to evaluate chemical species and sources of pollution associated with hydrologic conditions [2] [3] [4] [5] [6] [7] [8] . Also, these techniques allow for the identification of possible sources that affect water systems and provide valuable tools for the safe management of water resources and the analysis of data from non-homogeneous variables [9] [10] [11] . And they are useful in verifying temporal and spatial variations caused by natural and anthropogenic factors and PCA and HCA groups, and sets of variables with similar properties [11] [12] .
Giresun has various sources of drinking water, but it is undoubtedly of great importance to take measures to determine and protect the quality of these resources. However, with the rapid increase in the population of the city and the need to meet the increasing demands of irrigation and human consumption, the available water resources are getting depleted and water quality has deteriorated. In addition, the results of previous studies in this area also support our concerns about freshwater resources. The main source of livelihood for the people in question is agriculture and fishing. Especially Giresun hazelnut is an agricultural product known all over the world [13] . Chemical fertilizers and pesticides used unconsciously while hazelnut is grown are a great threat to water resources due to the frequent rainfall in the region. Since rivers constitute the main inland water sources for domestic and irrigation purposes, it is possible to ensure that river pollution is under control and that necessary precautions have been taken in advance in case of threats, but only by obtaining reliable information on water quality and pollution sources.
In this study, Yağlıdere water quality was primarily evaluated by a monitoring program. PCA and HCA multivariate techniques were applied to summarize the statistical correlation between the components in the water samples and to assess information about the similarity and dissimilarities among stations, to identify water quality variables for spatial differences, and also further to make sure of the impact of pollution sources on water quality parameters. It is also aimed at clarifying the impact of pollution sources on water quality parameters.
Material and Methods

Sample location and Sampling
Yağlıdere Stream is formed by small streams joining together after originating from the Çakrak Mountains in the southeast border of Giresun Province, and the length of its main branch is 70 km. After it is formed, the Yağlıdere passes through towns and cities and pours into the southeastern Black Sea in the town of Espiye. This study Fig. 1 . Map of study area with sampling point locations (adapted from Google Earth).
was conducted along the Yağlıdere in the city of Giresun. Replicate samples for each location along the stream were collected monthly in June 2013 and May 2014 from five stations (Fig. 1) .
Samples for water quality studies were collected in 2.5 l plastic bottles that had been previously soaked in 5% nitric acid for 24 h and rinsed with distilled water. Moreover, water samples were collected in 1-liter pre cleaned (with 50% HNO 3 and then thrice with deionized water) polyethylene bottles and acidified with 10 ml concentrated HNO 3 per liter of wastewater for the analysis of heavy metals. After collection, the samples were placed in coolers with ice bags while being transported to the laboratory and kept at about 4ºC until analysis.
Determination of Physico-Chemical Parameters
Water temperature, conductivity, dissolved oxygen, pH, total dissolved solid, salinity, and oxidoreduction potential were determined using a YSI 556 MPS meter, and turbidity was measured with Turb 355 T/IR turbid meter (WTW) after calibration with standard buffer solutions.
Routine laboratory analysis, such as total ammonia nitrogen, nitrite nitrogen, nitrate nitrogen, ammonium, ammonia, silica, total phosphorus, orthophosphate phosphorus, alkalinity, hardness, suspended solids, chlorophyll a and BOD 5 were measured by standard methods [14] . To assess the precision and accuracy of results, replicate analysis of blank, standard, and samples were done.
Statistical Analysis
Statistical analysis of data was carried out using SPSS statistical package programs. Descriptive statistical analysis, including one-way ANOVA and significance (0.01 and 0.05) was done. Important differences in the mean values were tested with Tukey's multiple range test. Moreover, relationships among the considered variables were tested using Pearson's correlation. Multivariate analysis of the stream water quality data set was performed through principal component and hierarchical cluster analysis (PCA-HCA) techniques [23] . The water quality data had been initially standardized by z-scale transformation because the water quality variables were measured in different units [15] [16] . All statistical calculations were performed with SPSS 17.0 for Windows.
Result and Discussion
The 4 , and pH, ORP, Chl-a at Station 2; DO, TAN, Chl-a and NO 3 , NH 3 , BOD 5 at Station 3; salinity, TP, Na and WT, NO 2 , Na, TSS at Station 4; pH, TAN, silica, O-PO 4 , turbidity, BOD 5 , and K, turbidity at Station 5. In addition, the mean values of physiochemical parameters at different stations are demonstrated in Table 1 . Moreover, the results indicate that some water quality parameters in Yağlıdere surface water are suitable for similar previous studies in Table 2 [ [28] [29] [30] [31] [32] .
According to Turkish legislation, it is very important to define and elaborate upon the quality of water before use for various purposes in light of physico-chemical parameters [17] [18] . Water quality of surface water is classified into four groups. Yağlıdere surface water is in good condition in terms of WT and NO 3 -N values according to RSWQM. All parameters based on average values were found to be Class I water quality except for NO 2 -N, TP, and BOD 5 . Nitrate nitrogen concentrations did not exceed water standards (>5 ppm) [17] [18] [19] and were generally well below this level, but sometimes TP and NH 4 were Class IV. The use of agricultural fertilizers and urban sewage are believed to increase the ammonia nitrogen, nitrate, phosphate, and nitrite concentrations because the absence of freshwater plants might affect the increase in nitrogen ion concentrations in the stream. Moreover, a comparison of our data with the WHO [20] acceptable limits showed that our values for turbidity are higher than, and hardness, pH, sodium, and TDS lower than international guidelines.
We conducted statistical analyses of 60 samples taken monthly from five stations. For the Anova analyses seasonal mean levels at each of the stations except TP were significantly different (P<0.05), but between the stations there were no significant differences throughout the sampling period (P>0.05) ( Table 1) .
The Pearson correlation analysis of the water quality parameters listed in Table 3 indicated the absence of a positive and good correlation (above 0.7), although there was less significant correlation between some parameters. The TDS showed significant and positive high correlation with EC (r = 0.965, P >0.01). Salinity showed significant and positive high correlation with EC and TDS (r = 0.970, r = 0.936, P >0.01), which are responsible for water mineralization. pH showed significant and positive correlation with WT (r = 0.857, P >0.01). NH 3 showed significant and positive correlation with pH (r = 0.742, P >0.01). NH 4 showed significant and positive max correlation with TAN (r = 1.000, P>0.01). NO 3 positively correlated with all parameters except Na and turbidity, which was a negative correlation -indicating that these variables are derived from similar sources and also moving together. The alkalinity showed significant and positive correlation with EC, TDS, and salinity (r = 0.829, r = 0.780, r = 0.795, P >0.01). NH 4 showed significant and positive max correlation with TAN (r = 1.000, P>0.01). Hardness showed significant and positive correlation with alkalinity (r = 08.10, P>0.01) and high positive correlation with EC, TDS, and salinity (r = 0.940, r = 0.902, r = 0.901, P>0.01). BOD showed significant and positive correlation with WT (r = 0.718, P >0.01). As expected, the negative relationship of DO with other parameters reveals the organic pollution that can be considered one of the causes of water ecological changes in the environment (Table 3) .
Due to the complexity of the relationship between numerous water quality parameters, confidential information was extracted using principal component analysis (PCA) and revealed detailed data structure. PCA analysis was combined to help eliminate the redundant data and choose responsible environmental factors [21] [22] . PCAs classified the factor loadings as 'strong,' 'moderate,' and 'weak,' corresponding to absolute loading values of >0.75, 0.75-0.50, and 0.50-0.30, respectively [23] . The results of calculations are shown in Table 4 .
A PCA analysis included seven components, and 23 physico-chemical parameters were classified. These components were acquired with eigenvalues >1 summing 83.53% of the total variance in the surface water dataset (Table 4 and Figs 2-3, respectively) . The first PC, explaining 33.62% of the total variance, has a strong positive loading on EC, hardness, TDS, salinity, alkalinity, and moderate positive loadings on BOD 5 and WT. This natural source of these parameters in catchments from soil weathering and flowing run-off. This factor can be based on seasonal changes [24] .
The second PC, accounting for 14.86% of the total variance, has a strong positive loading on pH. NH 3 has strong negative loadings on dissolved oxygen and moderate positive loadings on WT. This factor represents the contribution of non-point source pollution from hazelnut trees. In these areas, farmers use nitrogenous fertilizer, which undergoes nitrification processes and the rivers receive nitrate nitrogen by groundwater leaching [4] . In addition, this factor represents loadings on a moderate negative temperature and dissolved oxygen [25] [26] .
The third PC, accounting for 10.28% of the total variance, has a strong positive loading on TAN and NH 4 , and moderate positive loadings on K. This shows the influence of agricultural runoff from the soil as nitrogenous fertilizers are extensively used in this region -indicating the influence of domestic waste.
The fourth PC was explaining the lowest variance (8.18%), which has strong positive loadings on NO 3 -N and moderate positive loadings on NO 2 -N, and weak negative loadings on Na. Thus it shows the nutrient group of pollutants, which points to some source of wastewater and runoff. This organic factor can be interpreted as representing influences from point sources, such as discharges from domestic wastewater and industrial effluents.
Gökpınar and Çürüksu Creek [28] Kürk Stream [29] Beydilli River [30] Horohon Creek [31] This Study Table 2 . Comparison of water quality parameters in previous studies. Table 4 . Varimax rotated factor matrix for the whole data set. Fig. 3 Component plot. The fifth PC accounting for 6.20% of the total variance has a strong positive loading on ORP. This factor represents anthropogenic pollution sources and can explain the high levels of dissolved organic matter that consume large amounts of oxygen and that undergoe anaerobic fermentation processes leading to the formation of ammonia and organic acids.
The sixth PC accounts for 5.42% of the total variance and has a strong positive loading on turbidity and moderate positive loading on chlorophyll a due to the erosion and hydroelectric power plant installation activities in this region.
The seventh PC accounts for 4.95% of the total variance has a strong positive loading on TP and moderate positive loading on the suspended solid matter. The phosphate has its origin in soils due to use of phosphatic fertilizers in this region.
In this study, hierarchical cluster analysis (HCA) was used to show sampling stations with similar characteristics in the river basin. When HCA was applied for five stations and the dendogram (Fig. 4) , hierarchical cluster analysis grouped five sampling sites into two clusters. The first cluster corresponds to station 1, situated at the most upstream site of the stream. This group makes understanding the self-purification and assimilative capacity of the stream because it almost does not receive pollution. This station is the nearest water source in order that it differs from other stations in terms of water quality.
Cluster 2 corresponds to (5 and 4, 2, 3). These stations are situated at the most downstream sampling location in this river so receive pollution mostly from domestic wastewater. These stations receive pollution from nonpoint sources, but mostly from agricultural runoff and soil weathering, soil erosion, hydroelectric power plant installation activities, domestic disposal, and leaching from solid waste disposal sites. They have similar characteristics with wastes showing that these systems are highly affected by these pollution sources.
Conclusion
In this study the water quality level of Yağlıdere Stream was analyzed and distributed pollution degrees using statistical analysis. Considering the increase of NH 4 (at stations 1 and 3) and TP (at all stations), concentrations were evaluated by RSWQM as Class IV. Cluster analysis grouped five sampling sites into two clusters according to similar water quality characteristics.
From the PCA loadings it is evident that for this region major groups of parameter (strong loadings) that emerged are nutrient parameter group (representing influences from non-point sources such as atmospheric deposition and agricultural runoff) and organic pollution group (representing influences from point sources such as village and districts), and solid group (soil erosion and hydroelectric power plant installation activities by runoff process). PCA results were confirmed with HCA. It has emerged that these important pollutants in pollution sources have to be monitored regularly. From the PCA results, it may be persuasively estimated that the river pollution is mainly from agricultural runoff and soil weathering, soil erosion, hydroelectric power plant installation activities, domestic disposal, and leaching from solid waste disposal sites. In many countries an increasing proportion of water pollution originates from diffuse sources such as agricultural use of fertilizers, which cannot be controlled. Instead, the principle of "best environmental practice" should be applied to minimize non-point source pollution [27] .
By this investigation we also suggest that precautions be taken in order to prevent future surface water pollution. Otherwise, such pollution can be dangerous for human health.
